I am prompted to select the mastoid for the subject of study because of its interesting development into the temporal bone; its susceptibility to infection; its unsuspected etiology in some of the more serious intracranial complication~and its closely allied clinical manifestations of other diseases which frequently are deceptive to the physician.
All students of medicine, as well as the surgeon, frankly acknowledge that it is most difficult to comprehend and to clearly visualize the anatomy of the temporal bone and the vital structure within and adjacent to the mastoid, during the process of dissection or operation.
In view of these facts and the urgent' necessity for a thorough familiarity with the delicate anatomic structure of the mastoid, liable to irreparable damage during operation, I shall present photographs of original dissections of the temporal bone and of' the mastoid, descriptive of their beginning in the fetal stage, trace their early development in the quite young and continue until it becomes an integral of the temporal bone in the matured adult. .
In utere, the periotic capsule is cartilaginous. Ossifying material' is not deposited until the end of the sixth mQnth. This is done in four centers, according to their relation to the capsule. The epiotic is the last to appear, and is first seeh at'the posterior part of the posterior semicircular~anal; and from this center the mastoid process takes its rise and that is the only center to be given consideration in this paper.
In the new-born there is a complete absence of the mastoid as is seen in Figures 1, 2, 3 and 4. The first suggestion of such a process presents itself as a small tubercle, behind the upper part of the pars tympanica. That part of the petrous bone from which the mastoid process develops presents a surface so flat as merely to suggest a prominence. The development of the cell space in the mastoid proceeds by cellular proliferation. Beginning at the posterior superior periphery of the antrum, it"advances towards the transverse smus.
The mastoid antrum is the only pneumatic space present in the temporal bone in the new born and is larger than that of the adult. The mastoid antrum opens into the tympanic attic, a small chamber lying in the upper and back part of the tympanum. Its size varies with age; it is present in birth and increases until about the third or fourth year when it gradually diminishes, owing to the encroachment of the bone developed around it.
The squamo mastoid suture lies between the anterior surface of the tuberculum mastoidum and the posterior portion of the pars squamo.sa and forms the external wall of the mastoid antrum in the new born as shown in Figure 4 . It gradually disappears during the first years of life, although it may persist in the adult as a jagged, deep furrow on the external surface of the mastoid process. In such case it may be described as representing the appearance of a depressed fracture.
The roof of these chambers is formed in part from the squamous and in part from the petrous shown in Figure 2 (a) and (c.). The suture passes directly through the tegmen tympani and antri on the inner surface at the junction of the petrous and the squamous, Figure 2 (a) and (c). It is quite patulent and for this reason susceptible to meningeal symptoms in case of acute suppuration of the middle ear.
The outer surface of the temporal bone in the new born lacks the osseous external meatus seen in the adult. The membranous meatus is connected with the shallow rim of bone, Figure 1 (b). The pars tympanica to which the membrana tympani is attached is shown in the groove, Figure 2 (b). It is the close relationship between these membrances that makes a child sensitive to pain upon the manipulation of the auricle during an attack of acute otitis media. Owing to the patulent condition of the pars squamosa and pars petrosa, Figure 4 (a) and (c), the escaping pus in an acute suppurative otitis media causes postauricular swelling so frequently seen in the very young.
The outer wall of the antrum is formed by a plate descending from the squamous, Figures 1 (a) and 2 (a). This wall is very thin in early life, but is developed by deposits from the periosteum. The depth of the antrum increases from the surface.
The roof of the antrum, tegmen antri, is merely the backward continuation of the tympanum. The level of the roof is indicated by the posterior root of the zygoma. The level of the floor of the adult skull at the tegmen antri is, on an average, less than one-fourth of an inch above the external osseous meatus.
In the development of the temporal bone after birth, the two conspicuous changes brought about are the formation of a mastoid process and of a bony external meatus, or rather the development of the tympanic plate of the temporal bone. During the first year of life this tubercle takes a downward course. This is caused partly by its own growth and partly by the action of the muscles. The mastoid process does not assume its adult form until the third year of life ( Figure 5 ).
In some cases the mastoid is massively developed; in others, reduced to a short protuberance. The cells may be of the pneumatic or of the diploetic type, or they may be mixed in form. In fact, innumerable varieties exist. The pneumatic cells of the mastoid process are lined with a delicate, gland-less membrane, a continuation of the mucous membrane of the tympanic cavity.
The antrum communicates with the lower vertical cells of the mastoid through its floor. The floor being on a lower level than the opening into the tympanum, drainage of the antrum is difficult and the fluid readily filters into the lower cells.
The bend of the sigmoid part of the lateral sinus (Figures 8 b, 8c and 29) with its descending portion is seen behind the mastoid antrum and cells. A vertical line drawn onefourth of an inch behind the posterior bony wall of the external auditory meatU3 and between the levels of the floor and the roof will indicate, in the majority of cases the position of the anterior convexity of the sigmoid sinus in the adult.
If the mastoid cells be of the pneumatic type (Figures 26 and 32), the lateral sinus will usually be found deeply situated and more posterior, hence less liable to exposure or injury; whereas, in the diploetic type (Figures 8a and 29 ) of cells, the location of the sinus is invariably reverse. This has proved characteristic in chronic purulent inflammation as revealed in the radical mastoid operation. It is not uncommon to find that the posterior osseous wall of the auditory canal forms the anterior wall of the sigmoid portion of the sinus and is frequently exposed or injured at that point. The lower and vertical cells of the mastoid are developed later than those of the antrum and vary in their contents. Only about 20 per cent contain air. The foramen, an opening for the emissary vein (Figures Sa) is on the posterior border of the mastoid process.
I consider roentgenography one of the most valuable single aids in the study of the mastoid in health and disease. Experience and great skill are required to interpret the shadows of the picture; but that test ought to be a part in the study of every case in determining whether or not to open the mastoid. Any abnormality in the development of the mastoid; the type and extent of the cell area; the character of the osseous structure; the position of the lateral sinus; or any chronic or acute necrotic erosion of the mastoid and it~adjacent structure will be revealed by the roentgenogram.
The accompanying radiograms well serve to illustrate those different conditions. Figure 25 is that of a physIcian who had an acute purulent mastoiditis with necrotic erosion revealĩ ng an extradural abscess. Undoubtedly, the cells extending over the zygoma were of the type shown by Figures 8, 8b , 13, 20, 23 and 24.
Humanity owes to the scientific medical profession an everlasting gratitude for the vaccines and serum therapy. Diphtheria and typhoid fever are no longer numbered among the chief predisposing causes of middle ear infection with mastoid complications. Statistics prove measles, scarlet fever, pneumonia and ini'1uenza fruitful sources of middle ear infection. Let us hope a serum to prevent or annul the virulence of those diseases will soon be discovered.
Great precaution should be taken to protect the ears when swimming and diving, lest water enter the middle ear by the way of the eustachian tube or by a patulent ear drum and superinduce mastoid involvement or intracranial complication. This is especially likely if the ear drum be patulous from an existing otorrhea or if cholesteatoma be present. Infection of the middle ear demands prompt surgery. Often a minor operation in the early stage of inflammation will prevent serious complications and a major operation. Any inflammatory process of the middle ear becomes at once a surgical case.
Reviewing my clinical experiences, I recall with surprise the frequency of mastoid infection following tonsillectomy and submucous resections, and the utter indifference patients manifested concerning diseases of the ear. A very great majority of patients coming to our clinics may be grouped in four classes:
1. Those suffering acute pain.
2. Those with acute otorrhea, entirely oblivious of the thought of complications. More than 50 per cent of this class cannot give an intelligent history of the onset of the disease; its cause; its duration or its treatment.
3. Those who are rapidly becoming deaf; others who have vertigo, and those threatened with or perhaps have developed intracranial complications.
4. Those who have lost the function llf hearing and are being outstripped in their vocations by others not thus handicapped.
In a series of two hundred and fifty mastoid operations, there seemed to be 110 age limit; I have operated on a three months' old infant and Ou> a patient seventy-two years of age.
The right or the left mastoid was involved auout an equal number of times; also, neither the acute nor the chronic type of mastoid prevailed, the number of operations in both cases being about equal. That in the acute form of the disease, the streptococcus and the pneumococcus were the predominating type of infection; in the chronic cases there was a mixed variety. In one case of chronic mastoiditis complicated with septic sinus thrombosis the colon bacillus was found.
Operations were performed in a few cases complicated with pneumonia, tuberculosis, the exanthematous diseases and diabetes. In the diabetic case, 10 per cent sugar was found in the urine when admitted to the hospital. As this was an emergency, operation was done under local anaesthesia, using Schlech's fluid; in another case a radical mastoid operation was done under morphine and scopolamine, socalled Twilight sleep. Gas anaesthesia was used in the tubercular case.
The facial,nerve due to necrotic erosion of the fallopian canal (Figures 31 and 32) was found exposed at the time of the operation. There was no preexisting facial paralysis. nor did paralysis ensue; whereas, if the facial nerve be exposed or injured during the operation, paralysis of the face is most likely to occur.
The frequent necrotic exposure of the dura with a moderate degree of localized thickening or extradural abscess shows that nature will in some instances check the invading organisms by a protective barrier. The sigmoid sinus passing through the mastoid as it does is in great danger of infection by necrotic erosion. Here again, nature protects the vessel wall by a barrier of granulations. Septic sinus thrombosis does occur, however, and death is inevitable, unless prompt surgical relief is instituted.
It is the consensus of opinion that the best preventive of chronic otorrhea is opening the mastoid before intracranial complications ensue. I cannot recall a single case of mastoid disease, either the acute or chronic, where there were no complications and death ensued, that might not have been averted if the operation had been performed early.
Drooping of the posterior wall of the external auditory canal is regarded as pathognomic of mastoid involvement by some authorities; others equally well informed claim this is not an infallible indication for operation. This is undoubtedly true in that type of case where pus is confined in the cells of the tip or lower portion of the mastoid. In such cases operation is as much indicated as if all the classical signs were present. Be obedient, therefore, to the homely adage, "Wherever there be pus, let it out."
Textbooks enumerate pain, tenderness, redness and swelling over the mastoid as the classical symptoms of mastoid involvement. Usually those symptoms are present; but their obsence does not prove that the mastoid is not seriously involved. For instance, a mastoid with a thick sclerosed cortex never shows those well defined symptoms because the internal resistance is less than that in the external ciirection.
I have seen patients with a very extensive necrosis and in a general septic condition, with practically a normal temperature and with no tenderness over the mastoid even upon very hard pressure, who proved upon operation to have had a perisinus or an extradural abscess, or both. If the mastoid had not been opened intracranial complications would have resulted, without doubt.
I believe the bearing has been preserved in mapy cases of acute infection of the middle ear and the mastoid when the operation has been performed early. In chronic otoFrhea, the hearing mayor may not have been impaired as much depends upon the character of the involvement of the middle and internal ear. Loss of hearing is likely to follow operation because much of the strnctures employed in the conduction of sound waves has been removed. But in my experience the end results have been gratifying.
ILLUSTRATIONS.
FIGURES 1, 2, 3 AND 4 represent disse.ctions ot the temporal bone in the fetal stage. Figure 1 presents the three portions of the fetal temporal bone:
(a) The pars squamosa which is the thin porous shell-like bone, the lower portion forming the outer~wall of the epitympanum.
(b) The pars petrosa which is detached from the pars squamosa and pars tympani ca. It presents the inner wall of the tympanum, the upper half representing the recessus epitympanicum and the antrium.
'l'he lower half presents the recessus mesotympanicum. The promontory is readily seen. The fenestra vestibula with the stapes inserted is in the Emperior posterio,r portion, and a few millimeters below, is seen the fenestra cochleae which opens into the first turn of the cochlea. It is dosed with a membrane called the membrana secunda and it separates the tympanum from the sc'ala tympani.
FIGURE 2-A, BAND C. Figure 2 . This is the inner surface of (a) the pars squamosa with (b) the pars tympanica attached, which represents an incomplete ring with a groove for the insertion of the membrana tympani.
The malleus and the incus are held in position by part of their ligamentous attachments. The head and neck of the malleus and the body of the incus repose in the recessus epitympanicus. The stapes is detached from the process of the incus and is located in the fenestra vestibuli as described in Figure  1 
The outer wall of the recessus epitympanicus ad antri is formed by the artiCUlating surfaces of the pars squamosa and the pars petrosa.
FIGURE 3 Presents the aI1ticulation of (b) pars tympanicus to (Cl) pars petrosa.
The malleus, the incus and the stapes are held in position by their ligamentous attachments. The fenestra rotunda is seen on the inner central border of the pars tympanica and the stylomastoid foramen for the exit of the facial nerve is on the outer posterior border, while in front and ,below, is shown the foramen for the carotid artery.
C2 presents an unobstru,c:ted view of the fenestra vestibula and the renestra cochlea; the promontory; the tympanic end of the eustachian canal and the groove immediately above to which is attached the tensor tympanic muscle.
Above the fenestra vestibuli is seen the osseus capsule of the horizontal semicircular canal; abov'e and posterior to this, is the antrum. The extremely porous condition of the bone in the fetal stage is noted.
FIGURE 5-A, B, C AND D, Represent the temporal bone with the early development of the mastoid in the child. Figure 5 (A) shows the early development of the mastoid in a child. Below the tip is the depression of the digastric groove. Between the tip of the mastoid and the posterior border of the pars tympanica is the stylomastoid foramen for the exit of the facial nerve. The dark notch immediately below is the jugular bulb. Upon opening the mastoid, greates,t care must be taken not to s'ever either the nerve or the jugular bulb. The notch on the posterior border of the mastoid is the foramen through which passes the mastoid emissary vein.
The pars tympani has developed to a considerable size and forms the tympanic plate in later life. The Glaserian fissure is the depression between the pars tym,panica and the articulation of the condyloid joint. Figure 5 (B) . This gives a view of the pars petrosa as the bone is lying on its concave surface.
(C). The large foramen is the carotid canal. (D). The small foramen is the stylomastoid for the exit of the facial nerve, and (E) the depression between them is the jugular bulb. This ag,ain shows how readily the nerve and the jugular bulb may be severed. The mastoid is seen as a slight elevation. Figure 5 (C) gives a view of the posterior surface of the petrous, the concave surface up. The deep groove of the lateral sinus is clearly seen ending at the jugular bulb, just posterior to the carotid for,amen and is indicated by the, large dark foramen. The superior and posterior ,semicircular canals are opened and are represented by the two dark lines above the jugular depression. The facial nerve is represented by a dark Hne entering the internal osseous meatus as seen in the upper part of the petrous, directly above the jugular foramen. Figure 5 (D) . Viewing the anterior conv'ex surface of the temporal bone. The dark foramen is the continuation of the carotid canal. Next is the lamina spiralis exposed showing the course of the facial nerv·e as it passes over the first turn of the cochlea to enter the fallopian canal on the inner anterior wall of the tympanum. The top foramen is the exposure of the superior semicircular canal. mastoid ( Figure 6) The squamosa, the the tympanic plate ring of the infant The tegumen tympani and antri are opened, exposing the incus and the head of the malleus.
. The dark irregular surface just above the petrosa is the transverse sinus. The long slender lines with branches are the grooves for the middle meningeal artery on the inner surface of the squamosa. FIGURE 6. The fully developed teffi/Poral bone and with its massive zygomatic Ibar and root. petrous with the mastoid as its base, and which has developed from the incomplete (Figures lb, 2,b and 4b) .
The Glaserian fissure is posterior to the condyloid fossa; the silkworm gut~rojecting from the fissure represents the corda tympani nerVie.
Macewen's triangle is formed above by the posterior root of the zygoma; the anterior boundary, by the posterior auditory osseous canal. The third or posterior line of the triangle is an imaginary line joining these two lines. This triangle was considered of great importance in former year,s in trepann.ing the mastoid to drain the purulent process, as .it was the most direct approach to the antrum without injury to the lateral sinus.
When removing the cortex of the mastoid, the operator must never go above the posterior root of the zygoma lest he open into the middle fossa of the skull and injure the brain. The temporal bone divided through the petrous. On the left side is seen the ear drum, the incus and the malleus. The tensor tYmpanic muscle is shown attached to the malleus.
The corda tympani nerve is represented by a fine light line crossing the membrana tympani at the end of the process of the incus.
On the right, the stapes is seen in the fenestra ovalis with the stapedius muscle inserted in the neck of the stapes.
The osseous capsule of the horizontal semicir-cul'ar canal is seen above the upp'e-r border of the nerve.
The dark lines on the promontory are the tympanic branches of the glosso-pharyngeal, or Jacobson's nerve.
The heavy dark line-betwoon the horizontal canal and the fenestra ovaHs represents the course of the facial nerve.
Note the mixed type of mastoid cells. FIGURE 8-'A, B AND C. Figure 8 (A) . This represents the temporal -bone with the cortex removed from the mastoid, showing the mixed type of cells, the diploetic predominating. The cells extend over the zygo-maUc bar as far as the tempomandibular articulation. Involvement of the cells in an acute purulent process of the mastoid would result, very p,robably, in intracranial involvement of the middle fossa. The dark line represents the corda tympani nerve passing through the Glaserian fissure.
Figure 25 X-ray plate shows an erosion of the squamosa. In this location an extradural abscess associated with acute suppurative mastoiditis was found.
A patient suffering from epileptic s'eizure of the Jacksonian type, with chronic purulent process of the mastoid involving the cells extending into the squamosa, resulting in an inflammatOirY irritation of the dura, recov'ered after a radical mastoid operation. Figure 8 (B) shows the inner surface of Figure 8 (A) . Note the cells of the mastoid extending into the squamosa. This indicates the likelihood of purulent inflammation with early meningeal irritation.
The facial nerve is represented by the dark line crossing over the modiolus and in front of the semicircular canals at the point where it enters the tympanum. The deep groove of the lateral sinus is clearly shown and is fll!r forward. Figure 8 (C). The cells extending over the squamosa are clearly defined. W'e may look for early intracranial complication in case of purulent infection of the mastoid in a patient with this type of cells. The lateral sinus and the semicircular canals are clearly shown..
The small dark spots in the petrous back of the internal oss'eus meatus represents the foramen for the entrance of the facial, vestibular and cochlear nerves.
The head of the malleus and the incus is seen in the epitympanicum. This is the petrous with the squamous removed. The al'lticulation of the ossicles within the tYIIlipanum are clearly seen. The dark half circular lines represent the superior and posterior semicircnlar canals.
Here again we have the pneumatic and the diploetic form of cells.
FIGURE 11
shows sections of the petrous bone and the spirals of the 'cochlea.
The internal ear is a complex chamber; the bony labyrinth contains the membranous labyrinth, and the specific receptors or sensory surfaces of the internal ear.
(b) The small section on the right side of the plate is the cochlea. It is interesting to note the calific deposits around the spiral. It would be of scientific interest to know whether or not this subject was deaf. FIGURE) 12-A AND B. Figure 12 (a) . The osseous capsule of the l'abyrinth. (b) The upper foramen is the fenestra ovaHs; the lower, is the fenestra rotunda. The silkworm gut represents the course of the facial nerve as it passes between the oval window and the horizontal canaJ.
(c) The internal osseous canal removed with the hope of showing the foramen for the passage of the facial, vesUbular and cochlear ner~s. The circle on the upper surface is the superior canal. Figure 12 (b) . This shows the facial ne'rve (7th) passing through the internal osseous auditory meatus over the first turn of the cochlea, under horizontal canal. The spirals of the ,coChlea are clearly defined.
(e) The three semicircular canals are clearly defined. They serve chiefly the function of equilibration. Under the semicircular canals can be seen the oval and round windows with the promontory.
FIGURE 26. Surgery of the temporal bone consists chiefly of opening the mastoid to drain the suppurative process and to remove necrotic bone. When the infection has extended into the internal ear or labyrinth, it may be opened to prevent further extension to the meninges.
The cortex is removed and the antrum is opened. The pneumatic type of cell is well defined.
FIGURE 27 Is the simple mastoid operation.
The upper ,border of the mastoid is on a level with the posterior root of the zygoma. (Fig. 6 .) The large cell over the digastric ridge extends into the petrosa, opening illlto the jugular bulb could easily occur unless the operator has a clear visualization of the anatomy. FIGURE 28. This shows the exceptional beveling of the outer wall of the epitympanicum and emphasiZing the importance of opening the mastoid in the direction of the course of the external auditory osseous canal. FIGURE 29. The mastoid opened showing how high the cells extend into the root of the zygoma.
FIGURE 30 Shows the modified radical, the type of operation frequently seleded in special cases in an effort to effect the cure of a chronic suppurative process by drainage of the mastoid, antrum and epitympanicum, yet preserving and retaining in position the ossicles and membrana tympani. Note how superficial and far forward the bone covering the sigmoid portion of the lateral sinus. The cells in Uris case were of the diploetic type.
FIGURE 31 Represents the radical mastoid operation. This is selected as the operation of choice in the chronic form of middle ear and mastoid infection to rid, completely, all necrotic and infected areas from this region. The tym,panum, the antrum and the mastoid are con-verted into one large cavity. To accomplish this, it is necessary to remove the posterior part of the external osseous auditory canal, the facial ner",e passes under it. (Fig. 32.) The fenestras ovaUs' and rotunda a,re clearly exposed. The pyramid showing the" superior, posterior and external canals is seen above.
Note-To visualize clearly those structures lying within the d;l.nger. zone, this dissection has been made more extensive than is usually performed on the living subject.
FIGURE 32. The radical mastoid operation is extended in order to expose the' semicircular canals and the course of the facial nerve, as it passes between the fenestra ovalis and the horizontal canal. PLATE 8. 6881L. FIGURE 19. Partial sclerosis with cloudiness of remaining cells. Note extent of cells posterior to lateral sinus which is rather far farward, sub-acute. Compare with 6881R, and also with 3284L, which is the same mastoid 3:!h years prev'iously. 
